In the context of an nonuniversal U (1) extension of the standard model free from anomalies, we introduce a complex scalar singlet candidate to be dark matter. In addition, an extra scalar doublet and a heavy scalar singlet are required to provide masses to all fermions and to break spontaneously the symmetries. From unitarity and stability of the Higgs potential, we find the full set of bounds and order relations for the scalar coupling constants. Using recent data from the CERN-LHC collider, we study the signal strenght of the diphoton Higgs decay R γγ , which imposes very stringent bounds to the scalar couplings and other scalar parameters. We obtain constraints in different scenarios of the space of parameters, where decays into dark matter may or may not contribute according to the mass of the scalar dark matter candidate.
Introduction
After the observation of an 125 GeV scalar particle at CERN-LHC by the ATLAS and CMS collaborations [1, 2] , the electroweak symmetry breaking mechanism has been experimentally stablished. Now, one of the highest priorities of the LHC experiments is to measure precisely the strenghts of the couplings of the Higgs boson to fermions and vector bosons [3] , which will allow to look for new states associated with the breaking symmetry mechanism in models beyond the standard model (SM) [4] . In particular, family non-universal U (1) symmetry models have many well-established motivations. For example, they provide hints to solve the SM flavor puzzle [5] , where regardless that all the fermions acquire masses at the same vidual vacuum expectation values (VEVs) are related to the electroweak VEV through the relation υ = υ 5. An extra scalar singlet χ 0 with VEV υ χ is required to produce the symmetry breaking of the U (1) X symmetry. We assume that it happens at a large scale υ χ υ.
6. Another scalar singlet σ 0 is introduced, which will be a DM candidate. Thus, this scalar must accolplish the following propierties [8] :
(i) Since σ 0 acquires nontrivial charge U (1) X , it must be complex in order to obtain massive particles necessary for DM.
(ii) Terms involving odd powers of σ 0 induce decay of the DM, which spoils the prediction of the model for the DM relic density. Thus, we demand the following global symmetry
(iii) In order to avoid the above symmetry to break spontaneously or new sources of decay, σ 0 must not generate VEV during the evolution of the Universe. Thus, we demand υ σ = 0.
7. Finally, an extra neutral gauge boson Z µ is required to obtain a local U (1) X symmetry.
With the above conditions, we construct the Higgs potential.
Higgs potential
The most general, renormalizable, G sm × U (1) X invariant potential and consistent with the global symmetry (1) is
As shown in [8] , the above potential lead us to the following mass eigenvectors:
Theoretical constraints
We first consider the theoretical constraints of the Higgs potential from unitarity and vacuum stability.
Unitarity
In order to calculate the tree unitarity bounds of the model, we use the LQT method [9] developed by Lee, Quigg and Thacker [10] . It is based in the unitarity condition of the S-matrix at tree level (through the optical theorem) and the change of the longitudinal components of the massive vector boson fields by the respective Goldstone bosons in the limit at high energies according to the equivalence theorem. This method has been used in the analysis of two Higgs doublet models (THDM) in previous works [11, 12] and recently in an extended THDM with an additional scalar singlet [13] . At high energies, the dominant contribution to the two-body scattering processes comes from the quartic terms of the potential. Thus, the unitarity bound for the s-wave amplitude of the M-matrix in the partial wave decomposition
is reduced to the condition
with Q all the quartic couplings in the scalar sector. In order to apply this condition, it is convenient to calculate the eigenvalues of the M-quartic matrix Q in two particle processes. In our case, the quartic terms of the Higgs potential in Eq. (2) are:
with the scalar field representations from tables 1 and 2. In this way according with the LQT method, the Q-matrix can be expressed as an 18 × 18 matrix with three independent block diagonal matrices M 1 (6 × 6), M 2 (9 × 9) and M 3 (3 × 3) which do not couple with each other due to charge conservation and CP-invariance [11] . First, In the basis (ω
with eigenvalues
The next basis of scattering processes corresponds to (ω
, σ * 0 σ 0 ) where the √ 2 factor accounts for identical particles, where
Its analytical eigenvalues are 2λ 1 , 2λ 2 , 2λ 3 and
The remaining four eigenvalues b j , j = 1, 2, 3, 4 comes from the solutions of a quartic polynomial equation that is not included here, neverthless it gives two double degenerate eigenvalues that according to (12) satisfy
Finally, in the basis (h 1 z 1 , h 2 z 2 , h 3 z 3 ) we obtain:
Thus, taking the unitarity condition from Eq. (12), we find the bound
Vacuum stability
The stability condition in the strong sense of [14] can be implemented by the definition of the K like matrices
The above matrices can be decomposed in terms of the Pauli matrices. For example, the components of K can be written as:
where
, 2} and a = 1, 2, 3. Extending the above decomposition to all matrices, we obtain the following components:
, N :
Thus, the potential in Eq. (13) become:
which can be written as [14] :
with
The strong stability condition require that f r (u i ) > 0 for all u i in a set I = {u 1 , ..., u n } [14] , where the function f r (u) is defined as
and its derivative:
For example, if r = K, we obtain:
The roots of the derivative are:
We evaluate the stability condition f K (u i ) > 0 in the set I = {0, u 1 , u 2 , µ}, where µ = λ 5 /4 corresponds to the doubly degenerated eigenvalue of the E K matrix such that f K (µ) is finite and f K (µ) ≥ 0, obtaining:
(34)
With an identical procedure for f L (u i ) > 0, we obtain:
The matrices E r for r = M, N, P, Q are reduced trivially to one element (eigenvalue) due to (30)
obtaining from the condition f r (0) > 0
Combined constraints
The unitarity conditions (18) and (20) and the stability ones (34-38) and (40), can be combined in order to obtain a more suitable parameter space. In this way, the final combined conditions are
(46)
Diphoton Higgs decay
In the SM, the decay of the Higgs boson to diphoton is mediated by fermions and charged vector bosons loops. In the U (1) model, there is an additional contribution due to the charged Higgs boson loop, obtaining the total diphoton Higgs width [15] 
where N cf and Q f are the color and electric charge factors, respectively, and:
for a = W, f and H ± . The loop factors are:
with:
where η ± = 1 ± √ 1 − τ . Finally, the charged Higgs coupling g H ± is given by the Eq. (10). On the other hand, the theoretical signal strenght is defined as the ratio between the h 0 → γγ branching decay of the U (1) model and the SM prediction:
We identify two scenarios according to the mass of the DM candidate of the model:
GeV, the decay of the Higgs boson to DM pair is kinematically forbiden. By assuming that the final states of the Higgs boson decay are of SM nature, then the signal strenght can be approximated as
where the width of the SM is the same as (52) without the F 0 factor.
GeV, the decay of the Higgs boson to DM pair is allow. In this case, the total decay width can be separated in decays to SM particles and decay to DM. Thus, we obtain:
where Γ SM h 0 is the total decay width of the SM Higgs boson, while the width to DM pair is:
and the coupling g σ is given in (10).
In order to evaluate some constraints from the diphoton decay, we reduce conveniently our space of parameters. First, since the scalar couplings λ 1 and λ 2 show the same theoretical constraints as observed in the subsection 3.3, we can assume only one characteristic diagonal coupling constant λ D = λ 1 = λ 2 . Thus, we suppose that each doublet φ 1 and φ 2 shows the same self-interaction separately. On the other hand, there are two types of mixing couplings between both doublets, distinguished by the coupling constants λ 5 and λ 5 , as observed in the Higgs potential in Eq. (2) . In this case, we can also assume only one coupling that characterize the mixing interaction between the scalar doublets. Thus, we choose λ 12 = λ 5 = λ 5 as the mixing coupling between φ 1 and φ 2 . For the numerical analysis, it will be convenient to define the following ratio
With the above parametrization, the constraints from Eqs. (41), (42) and (49) become:
For the interactions of the scalar doublets with the scalar singlet σ 0 , we also assume the same coupling λ = λ 6 = λ 7 . Thus, the constraints in (51) become:
The charged and DM scalar coupling functions from Eqn. (10) with the above parametrization, become:
Finally, the relation (6) between the rotation angles can be simplified by:
We use the experimental data of the diphoton signal strenght R γγ = 1.55
+0.33
−0.28 obtained by ATLAS [16] and R γγ = 1.54
+0.46
−0.42 at CMS [17] for M h 0 = 125.5 GeV.
Scenario I
Taking into account the relation (64), the signal strenght in (57) has the following free parameters: (T β , λ D , r λ , M H ± ). The SM prediction for the diphoton branching is Br(h 0 → γγ) SM = 2.28 × 10 −3 , while its total width is Γ h 0 = 4.07 × 10 −3 GeV for a 125 GeV SM Higgs boson [18] . Using these data, we obtain the following constraints:
1. Fig. 1 display contour plots in the plane T β − λ D for different values of the ratio r λ .
We fix the charged Higgs mass at M H ± = 300 GeV, while the dashed horizontal line at λ D = 4π mark the upper theoretical limit according to (61). First, for r λ < 0, the allowed regions exhibit maximum peaks at intermediate values of T β , which exceed the theoretical limit when r λ is near zero. For larger negative values of this ratio, the peak fall and the allowed band is drastically reduced to narrow intervals at small values of λ D , as shown in the r λ = −0.4 plot. For r λ ≥ 0, the allowed λ D intervals increase with T β , as shown in the three lower plots. In this case, we also see that for larger values of r λ , the allowed intervals shrink to a narrow region at small values of λ D . In general, these figures show that small values of T β and large values of r λ are largely exluded. Thus, according to the definition (60), the scenary where λ 12 λ D is favoured by the diphoton decay. We also find that the above regions is not sensitive to variations of the charged Higgs mass M H ± .
2. In Fig 2, we show the allowed regions in the plane r λ − λ D for three values of T β and with M H ± = 300 GeV. In this case we can obtain scenarios for the entire r λ range from −1 to 1. For T β = 0.5 and 1 (small values), we see that λ D is excluded in almost all the theoretical range for all the r λ values. Only, narrow allowed intervals appears for very small λ D coupling. In contrast, at T β = 10 (large values), the allowed values for λ D increase in the vicinity of r λ = 0.
3. Finally, Fig. 3 show contour regions in the plane (M H ± , T β ) for three values of λ D . In this case, and according to the previous plots, we fix the ratio at r λ = 0 which exibits the largest allowed intervals. In general, we can appreciate that the allowed points is not very sensitive to variation of the mass of the charged Higgs boson. However, we see that the T β allowed ranges increase for larger λ D values. Thus, in the scenario without mixing coupling (r λ = 0), large scalar couplings λ D shows broader allowed intervals at large T β values.
Scenario II
In this case, the parameter space is extended to (T β , λ D , r λ , M H ± , λ , M σ 0 ). First, we obtain in Fig. 4 the allowed points in the plane (M σ 0 , λ ) for λ D = 4, 6, 8 and 12. The other parameters are fixed to be T β = 10, M H ± = 300 GeV and r λ = 0. We can see that the coupling with the DM candidate takes small values at low mass. The limits on λ increase for larger masses, near the kinematic limit at 63 GeV. We also see that large values of λ D allow large couplings λ . On the other hand, in order to evaluate the effects of the σ 0 coupling on the diphoton signal strenght, we obtain again the contours in the plane (T β , λ D ) for different coupling constants λ . Fig. 5 show the allowed regions for λ = 0.5, 1 and 3, where we fix the values M σ 0 = 60 GeV and r λ = 0, which was previously obtained in Fig. 1 . We see that the allowed points drops to very narrow intervals and small values of T β .
Finally, we evaluate the ranges for λ which does not exhibit an upper limit with only theoretical constraints. Fig. 6 shows plots in the plane (λ , T β ) for r λ = 0 and three values for λ D . First, with λ D = 1, we see that the λ can be as large as 1.7 for T β = 1. This upper limit increases quickly for larger couplings. For λ D = 5 and 10, the limits increase up to λ = 9 and 18, respectively.
Conclusions
Constraints on the scalar potential couplings of an nonuniversal U (1) extension of the SM was obtained using unitarity and stability of the Higgs potential. Using recent data from CERN-LHC collider, we obtain allowed points of the scalar parameters compatible with the signal strenght of diphoton Higgs decay. We conclude that 1. By combining the unitarity and stability conditions, we obtain individual bounds and order relations between coupling constants. In particular, the scalar interactions of the observed 125 GeV Higgs boson are controlled by the six parameters λ 1,2,5 , λ 5,6,7 . The theoretical constraints impose positive bounds on λ 1,2 , while order relations arise between λ 5 , λ 5 and λ 1,2 . On the other hand, the couplings associated with the scalar DM candidate λ 6,7 are only bounded from below.
2. The observed diphoton Higgs decay at LHC imposes phenomenological constraints on the above couplings as well as on other scalar parameters. Since the signal strenght depends on the total decay of the Higgs boson there arises two possible scenarios. In the first one, decays into DM is forbiden for masses above M h 0 /2 ≈ 63 GeV. In this case, the couplings λ 1,2 = λ D obtain very stringent bounds, exhibiting narrow allowed intervals at small values controlled by T β and its ratio with λ 12 , where we assume λ 12 = λ 5 = λ 5 . However, the allowed values exhibits very large enhancement for very special cases of T β and r λ . We also observe that the allowed regions is sensitive to the sign of λ 12 . As for the absolute value of λ 12 , we obtain that small ratios r λ = λ 12 /λ D is favoured.
3. In the scenario where the mass of the DM candidate is below the kinematical treshold of 63 GeV, the signal sthrenght become sensitive to the couplings λ 6,7 = λ and M σ 0 . Although these couplings are not bounded from above by the theoretical contraints, we found allowed intervals consistent with LHC data on the diphoton decay. The limits increase the values of the coupling λ for larger values of λ D , and near T β = 1. 
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